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Abstract 
 
The phenomenal growth of content on the Web has made it 
difficult to locate, organize, and retrieve information. One way 
to cope is to automate these tasks. But because of the 
complexity of natural-language processing, we still do not have 
machines that can understand and analyze the content on the 
Web as humans do. The main idea behind the Semantic Web is 
to develop technologies and applications that will make the 
machines to understand information semantically and perform 
the desired task. This paper discusses some of the technologies 
like URI, XML, RDF and ontologies which are the core 
technologies being used now to develop the Semantic Web. 
 
1. Introduction 
“To date, the Web has developed most rapidly as a medium of 
documents for people rather than for data and information that 
can be processed automatically. The Semantic Web aims to make 
up for this.” (1) 
 
The present day search engines like Google, Yahoo!, etc though they give us lot of hits, 
mostly spew out irrelevant information in answer to a search query. The problem with 
these search engines is that they use mostly statistical methods like frequency of 
occurrence of words, co-occurrence of words, etc. this results in the search queries 
resulting in irrelevant hits. Though, some search engines like Google and Yahoo! use 
human edited entries, still they come up with a large number of wrong hits.  That is when 
people started talking about making the Web more meaningful. In other words, metadata 
should be attached to the content of the Web that it becomes easier to retrieve it. 
 
The concept of Semantic Web was introduced by Tim Berners-Lee, the developer of 
HTML, Hyper Text Transfer Protocol (HTTP), Uniform Resource Identifiers (URI) and 
World Wide Web (WWW). His visualization of Semantic Web is that in future we will 
have intelligent software agents that will analyze a particular given situation and present 
us with the best possible alternatives. In other words, the connectivity that is found today 
only on PCs through the Web, will become a part of our daily life. 
 
The idea behind Semantic Web is to develop such technologies that make the information 
more meaningful for the machine to process, which in turn makes search and retrieval of 
information more effective for humans. For instance, available Web technologies include 
parsers which can validate the display of Web documents by checking for syntactical 
errors. But as of now, computers are unable to understand the semantics underlying the 
documents. For example, a computer cannot understand that a particular Web page is the 
homepage of an Institute or that of an individual; or that a hyperlink leads to the resume 
of a person. 
 
The World Wide Web Consortium (W3C) gives the following two definitions for the 
Semantic Web (2): 
"The Semantic Web is the representation of data on the World Wide Web. It is a 
collaborative effort led by W3C with participation from a large number of researchers 
and industrial partners. It is based on the Resource Description Framework (RDF), 
which integrates a variety of applications using XML for syntax and URIs (Uniform 
Resource Identifiers) for naming." 
 
"The Semantic Web is an extension of the current web in which information is given well-
defined meaning, better enabling computers and people to work in cooperation." (1) 
 
The conception of Semantic Web is characterized by developing languages, tools, etc. 
that make information processing semantically by machines. And also a very important 
aspect of Semantic Web is development of standards and protocols, as there is hardly any 
consensus among the people working on projects about what the future Semantic Web 
will be.  
 
2. Underlying Technologies of Semantic Web 
 "The principal technologies of the Semantic Web fit into a set of layered specifications. 
The current components of that framework are the RDF Core Model, the RDF Schema 
language and the Web Ontology language. These languages all build on the foundation 
of URIs, XML, and XML namespaces."(3) 
 
Most of the technologies involved in the development of the Semantic Web are still in 
their infancy. Some of them already in use are the URIs (for identifying documents 
uniquely and globally), XML (to semantically structure the data), RDF (to base the 
structures of the documents on a common model base), Ontologies (to define the 
objects/entities and the interrelations between these objects/entities) etc. 
 
2.1 Uniform Resource Identifier (URI) 
A major problem in accessing Web resources is the inconsistency of the resources. Many 
a time, a user ends with the 'Page not Found' message. This could be because of many 
reasons like the change in location of the Web page, change in location of the server 
hosting the resource, etc. While these are problems associated with locating the 
resources, another serious problem with Web resources is identifying them. For the vision 
of Semantic Web to be fulfilled, one of the most essential pre-requisites would be 
identifying a resource uniquely and globally i.e. to say that a resource should be known 
universally by the same identifier irrespective of its location or availability in various 
formats. 
 
A URI is an identifier used to identify objects in a space. The most popularly used URI is 
the URL. URL is a subset of URI, they are not synonymous. A URI can be anything from 
the name of a person or an email address or a URL or any other literal.  
 
The URI (Uniform Resource Identifier) specifies a generic syntax. It consists of a generic 
set of schemes that identify any document/resource like URL, URN (Uniform Resource 
Name), URC(Uniform Resource Characteristic), etc. The specifications given for URIs 
are applicable to all the subsets under it. The generic syntax for a URI scheme is given in 
the RFC2396 (URI Generic Syntax). The syntax of a URI is a scheme name followed by 
a colon which in turn is followed by a path which follows the specifications of the given 
scheme. 
 
Example: http://drtc.isibang.ac.in (URL) 
                 ftp://ftp.rfc-editor.org/in-notes/rfc2034.txt (FTP) 
 
2.2 XML 
Over the past few months, the work and development in the area of Semantic Web 
observed show that XML is one of the most popular technologies used in the 
development of the Semantic Web. XML allows for extensible data formats unlike 
HTML which is inextensible and rigid. It provides the freedom to structure the 
information in our documents using our own vocabularies to define the various elements 
and attributes using the DTDs (Document Type Definition). But, this freedom leads to 
non-standard way of defining a document and also presents problems - for example- for 
sharing data between two applications or for interoperability. With this in mind the XSLT 
(eXtensible Stylesheet LanguageTransformation) was developed. XSLT is a language 
used to transform XML documents to other XML documents. (4).  Though XSLT allows 
crosswalks across different structures, there should be one-one relation between the 
elements of source and target structures.  This was the classical problem of retro-
conversion from one MARC to other MARCs. 
 
2.3 Standardizing resource description schemas: RDF 
XML (Extensible Markup Language) has become the de facto markup language being 
used by the computer industry to represent data on the Web. But the problem with XML 
is that the same data can be described in many different ways. For example, I can use the 
element ‘Author’, another person can use ‘Writer’, etc. Another offshoot of XML was 
that since the user is at freedom to define his/her own tags, many domain-specific markup 
languages have been developed like the MathML and Chemical Markup Language 
(CML). This creates a lot of confusion when machines try to share data with each other. 
Yet another major problem with development of various domain-specific markup 
languages is that of non-standardization while describing the resources on the Web. But, 
at the same time preventing this kind of flexibility and extensibility will again result in 
lack of inadequate resource description. Hence, there should be a common 
model/framework which can bridge the gap between these various schemas. It is at this 
stage that the RDF came into picture. It was developed and is being maintained by the 
W3C.  
 
Definition: 
“A formal data model from the World Wide Web Consortium (W3C) for machine 
understandable metadata used to provide standard descriptions of web resources. It uses 
eXtensible Markup Language (XML). It is similar in intent to the Dublin Core, although 
perhaps broader in its scope and purpose.” (5) 
 The RDF model provides the description of Web documents (in other words rendering of 
metadata to the Web documents) in a neutral manner so that the metadata can be shared 
across different applications. It is essential to note that though XML is being used to 
represent documents in RDF, other languages also can emerge in future that can be used 
to describe documents in RDF. 
 
Features of RDF 
The most important feature of RDF is that it is developed to be domain-independent i.e. it 
is very general in nature and does not restrict/ apply any constraint on any one particular 
domain. Yet it can be used to describe information about any domain. The RDF model 
imitates the class system of object-oriented programming. A collection of classes (as 
defined for a specific purpose or domain) is called a ‘schema’ in RDF. These classes are 
extensible through ‘subclass refinement’. (6) Thus, various related schemas can be made 
using the base schema. RDF also supports metadata reuse by allowing transmission or 
sharing between various schemas. 
 
Application areas (6) 
The developers of RDF visualize RDF being used: 
¬ in resource discovery to provide better search engine capabilities,  
¬ in cataloging for describing the content and content relationships available at a 
particular Web site, page, or digital library,  
¬ by intelligent software agents to facilitate knowledge sharing and exchange, in 
content rating,  
¬ in describing collections of pages that represent a single logical "document",  
¬ for describing intellectual property rights of Web pages, and  
¬ for expressing the privacy preferences of a user as well as the privacy policies of a 
Web site. RDF with digital signatures will be key to building the "Web of Trust" 
for electronic commerce, collaboration, and other applications. 
 
 
RDF Model 
A simple RDF model has three parts. 
i. Resource: Any entity which has to be described is known as Resource also 
known as Subject. It can be a ‘webpage’ on Internet or a ‘person’ in a society.  
ii. Property: Any characteristic of Resource or its attribute which is used for the 
description of the same is known as Property, also known as Predicate. For 
example, a webpage can be recognized by ‘Title’ or a man can be recognized 
by his ‘Name’. So both are attributes for recognition of resource ‘webpage’ 
and ‘person’ respectively.  
iii. Value: A Property must have a value also known as Object. Like, the title of 
DRTC webpage is ‘Documentation Research and Training Centre’, name of a 
person is ‘Ranganathan’.  
 
The resource, property and value together are known as a ‘Statement’ . The statement 
formed by the examples given above can be diagrammatically represented as in Fig. 1.  
 
 
Creator
Property/Predicatehttp://drtc.isibang.ac.in
Resource/Subject
Aditya
Value/Object
 
Fig. 1 
 
 
A resource can have an identifier i.e. URI (Uniform Resource Identifier). A URI can be a 
URL, example http://drtc.isibang.ac.in. A name of a person can be a URI, example 
‘Ranganathan’.  
 
A Property itself can be a ‘resource’, which makes a complex representation model of the 
data. For example, say Creator of the webpage http://drtc.isibang.ac.in is ‘Aditya’ who is 
Research Fellow at DRTC and has email aditya@drtc.isibang.ac.in. 
 
It can be represented diagrammatically as in Fig.2. 
 
 
Creator
Property/Predicatehttp://drtc.isibang.ac.in
Resource/Subject
Aditya
Value/Object
Research Scholar
aditya@drtc.isibang.ac.in
Designation
email
 
 
Fig. 2 
 
Syntax of RDF 
RDF is just an abstract framework to describe metadata. It uses the XML syntax to 
provide semantics to the metadata. It is because of the XML encoding that the RDF 
documents become practically interchangeable over the Web. RDF uses the XML 
Namespaces for describing the metadata schema being used.  
 
“An XML namespace is a collection of names, identified by a URI reference [RFC2396], 
which are used in XML documents as element types and attribute names. XML 
namespaces differ from the "namespaces" conventionally used in computing disciplines 
in that the XML version has internal structure and is not, mathematically speaking, a 
set.” (7) 
 
The syntax of declaring an XML Namespace is: 
xmlns:namespace-prefix="namespace" 
 
Example, 
xmlns:myelements=http://mypage.com/elements/2.0/ 
xmlns:dc=http://purl.org/dc/elements/1.0/ 
In the above examples, myelements and dc are the namespace-prefixes. The actual 
namespaces are defined by their respective URIs (in this case, URLs). The elements and 
attributes of these namespaces are located and defined at these URLs. Like, in the 
namespace myelements URI, I can define elements of my own, ‘author’ , 
‘name_of_book’ , etc. And in the namespace dc URI, the Dublin Core elements are 
defined like ‘creator’ , ‘title’ , etc.  
 
Different namespaces can be used in the same RDF documents, for example: 
 <myelements:name_of_book>A Tutorial on RDF</myelements:name_of_book> 
 <dc:creator>Aditya Tripathi</dc:creator> 
These examples illustrate that it is because of the use of XML Namespaces that the RDF 
documents are able to  harmonize between different metadata schemas. 
 
2.4 Ontology: Interrelationships between Entities/Resources 
XML and RDF deal with metadata i.e. they deal with the description of the information 
available on the Web. But, if machines are expected to interact with each other or share 
data in the true sense of the word, then semantic interoperability it essential. For this, a 
formal specification is required to explicitly define various terms and their relationships. 
It is here that ontologies come into picture. 
 
An ontology - as used in context of knowledge sharing - is defined as, “a specification of 
a representational vocabulary for a shared domain of discourse -- definitions of classes, 
relations, functions, and other objects -- is called an ontology.” (8) 
 
In simple terms, an ontology can be said to be the definition of entities and their 
relationship with each other. It is based on semantic nets used in Artificial Intelligence. 
Ontologies define data models in terms of classes, subclasses, and properties. For 
instance, we can define a man to be a subclass of human, which in turn is a subclass of 
animals that is a biped i.e. walks on two legs. Another simple ontology, can be 
represented diagrammatically as follows: 
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Fig. 3: An example of a simple ontology 
 
Ontologies are basically categorized into two types: general ontologies (like SENSUS, 
Cyc, WordNet, etc.) domain-specific ontologies (like, GALEN - Generalised 
Architecture for Languages, Encyclopaedias, and Nomenclatures in medicine; UMLS - 
Unified Medical Language System). Ontologies can be built using XML and RDF. But, 
during recent past, many specific ontology development languages, specifically Web 
Ontology languages have been developed. In Europe, OIL (Ontology Interface Layer), a 
language for defining ontologies was developed. In the US, DARPA has initiated a 
similar project called DAML (Distributed Agent Markup Language).  These two 
languages have now been merged into a single ontology language, DAML+OIL. In late 
2001 the W3C set up a working group called ‘WebOnt’  to define an ontology language 
for the Web, based on DAML+OIL. It is called the OWL (Web Ontology Language) 
project. All of these ontology languages aim to provide developers with a way to 
formally define a shared conceptualisation of a given domain. They encompass both a 
means of representing the domain and a means of reasoning about that representation, 
typically by means of a formal logic. DAML+OIL uses the Description Logic. 
 3. Conclusion 
Tim Berners-Lee visualized the Semantic Web as a layered structure with resource 
identifying systems like the Unicode and URI at its foundations. Then, the next layer 
consists of the XML Schema used to describe resources. Next to XML comes the RDF 
layer – RDF is used to harmonize the different descriptions used to describe the Web 
resources. 
 
 
 
Fig. 4: Semantic Web as visualized by Tim Berners-Lee (9) 
 
Ontology defines the concepts and the relationships between each of these concepts. On 
the ontology layer sits the logic layer. This is more at an abstract level. The assertions 
made on Web can be used to derive new knowledge. The most important aspect of his 
visualization is that the topmost levels are of proof and trust. It is very essential to 
establish the validity and reliability of resources accessible over the Web. This can be 
achieved by digital signatures. Digital signatures can establish the origin of the document 
and thus establish trust about a given resource on the Web. 
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